The impact of grazing cattle (Bostauras) on water quality has been the subject of considerable interest as water quality standards become more restrictive. Benthic sediments have been found to harbor significantly higher concentrations of enteric bacteria than the overlying water. In this study, the survival of fecal coliform and fecal streptococci organisms was demonstrated to be significantly longer in sediment laden waters than in those without sediment and further the survival was longer in the sediment-laden waters than in a supernatant from that same sediment suspended in water. Fecal coliform and fecal streptococci bacteria revealed half-lives from II to 30 d and 9 to 17 d, respectively when incubated with sediment. This is longer than when they are similarly incubated without sediment.
T
HE IMPACT of grazing cattle (Bostauras) on water quality has been the subject of considerable interest as water quality standards become more widely applied. Enteric organisms from grazing animals can enter a stream in runoff from the grazing lands or they may be directly deposited into the water by the animals. Sampling data have revealed that the presence of enteric bacteria persists in a stream, even after the animals have been removed (Gary and Adams, 1985; Sherer et al., 1988; Stephenson and Street, 1978) . It is this persistence of microorganisms and the continual interaction between sediment-trapped bacteria and the overlying water that prompted this investigation.
BACKGROUND
When cattle are present in a pasture and have access to a stream as their water source, they deposit a portion of their daily fecal matter directly into the stream (Larsen et al., 1988) . Once fecal matter enters the stream (Biskie et al., 1988) , the majority of the bacteria settle to the bottom and can either die or be resuspended. Several researchers have reported recovering enteric organisms in the sediment when they could not be detected in the overlying water (Gerba et al., 1977; Bitton et al., 1982, Gerba and McLeod, 1976; Loutit and Lewis, 1985) . Bacteria in the sediment create a potential for elevated bacterial concentrations in the overlying water for an extended period of time (Jawson et al., 1982) . Benthic sediments have been found to harbor significantly higher concentrations of enteric bacteria than the overlying water (Tunnicliff and Brickler, 1984; Van Donsel and Geldreich, 1971; Sherer et al., 1988; Lewis et al., 1986) . LaBelle et al. (1980) found that viruses in estuarine sediments had a positive correlation to the number of fecal coliforms in sediments; however, no correlation was found between bacterial indicators and virus in overlying waters. This study suggests that evaluation of the presence of bacteria in the sediment may provide additional insights into long-term water quality conditions.
Indicator Bacteria in Rangeland Stream Sediments
In the Nash Fork watershed of southern WyomingG ary and Adams (1985) determined the concentrations of fecal coliform (FC) and fecal streptococci (FS) bacteria in stream water while monitoring the principal land uses. They disrupted the stream bottom several times during the summer and fall. The mean concentration of FC in the stream increased by 1.7 times the initial concentration after the stream bottom was disturbed, and the FS concentration increased by 2.7 times. They suggested a potential for high stream flows to flush, suspend, and cause subsequent downstream movement of these indicator organisms.
In the Bear Creek watershed of Central Oregon, Sherer et al. (1988) found that by disrupting the stream bottom with a rake, 1.8 to 760 million FC/m 2 and from 0.8 to 5610 million FS/m 2 could be resuspended and measured immediately downstream. Cattle locations were monitored during the weeks preceding this study, and their presence was correlated with increased concentrations in the sediment.
Bacterial Survival in Sediments
Numerous factors including predators, antibiosis, organic matter, algal toxins, dissolved nutrients, toxic metals, and temperature all influence bacterial survival in the aquatic environment. The existence of fine soil particles and high organic matter have been shown to increase E. coli survival (Saylor et al., 1975; Tate, 1978) . Tare (1978) suggested that E. coli can catabolize organic soil constituents and that fine particles and high organic matter may support populations three times larger than sand. Burton et al. (1987) found greater survival orE. coli and S. newport in sediments of higher clay content. This was believed to be due to higher concentrations of orgaoic matter and nutrients. Hendricks and Morrison (1967 ), Hendricks (1971 ), and McFeters et al. (1974 all report stream and lake sediments and algal blooms bind organic nutrients and prolong the survival of enteric bacteria.
Hendricks (1971) investigated the nutrient-binding capabilities of river bottom sediments along with the conditions necessary for its removal and use by enteric bacteria. He concluded the nutrients to be tightly adsorbed. Gannon et al. (1983) pointed out that the adsorption of bacterial to suspended particles may contribute to increased bacteria removal by sedimentation. Further, they recognized that these bacteria may experience a more favorable chemical and biological environment. All of these factors contribute to the formation of a concentrated layer of bacteria at the interface of the sediment and overlying water. It was the survival of these sediment bound bacteria that was Abbreviations: FC, fecal coliform; FS, fecal streptococci. In addition, 100 g of water was added to each of the incubation vessels.
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Represents the C content of the total solids contained in the incubated sample. This material was prepared like that in the medium feces (fine sediment) experiment, except that only that material left in the liquid phase after low speed centrifugation, for 1 rain was incubated.
of interest in this study because of their importance in predicting the bacterial concentrations in rangeland streams subject to cattle grazing.
EXPERIMENTAL PROCEDURE
Two sediment samples were selected for study, a fine sediment from a low velocity section of the stream, and a coarse sediment from a higher velocity segment. The samples were collected within 10 m of each other from Bear Creek (located in Central Oregon, approximately 21 km southeast of the Prineville Reservoir). Nearly all of the Bear Creek watershed is rangeland and used to graze cattle. The watershed ranges from 1000 to 1600 m in elevation. The characteristics of the two sediments are summarized in Table 1. Three experiments were conducted with each sediment; a low, medium, and high bacterial loading; and one without sediment using only the supernatant from the medium bacterial loading experiment. Three independent repetitions were run for each of the seven experiments (total 21 jars). Each of the experiments was begun by loading the appropriate amount of sediment, cow manure, and water into a 4-L plastic jar along with glass beads. The glass beads were added to facilitate mixing at the time samples were collected. Details are provided in Table 2 . Cow manure was added to the sediments to increase the FC and FS concentrations to a level that would facilitate accurate counting. Bacterial analysis was performed every 5 d for each treatment during a 25-d study period to determine FC and FS concentrations. All treatments were stored in a refrigerator at a constant 8°C. Determination of FC and FS concentrations were made using the membrane filter technique outlined in Standard Methods (APHA, 1985) . The treatment jars were removed from the refrigerator and shaken vigorously for 1 min, a sample collected, then serially diluted with a phosphate buffer solution to appropriate concentrations for analysis. Next, the dilutions were filtered in triplicate through a 0.45-1xm filter. The filters were then H~:~ > ~2 equals the die-off rate of a population ~th time. represents the average population of a ~ven ~ set.
placed on pads saturated with M-FC broth (Difco) for and KF agar (Difco) for FS enumeration. Fecal coliforms were incubated in a water bath at 44.5°C for 24 h and FS in a water bath at 35°C for 48 h. After the incubation period, the plates were removed from the incubators and the appropriately colored colonies were counted under a low power stereoscope and recorded. Total solids, sediment particle size, and total organic C analysis were conducted in accordance with Standard Methods (APHA, 1985) , Methods of Soil Analysis (Klute, 1986) , and Methods of Soil Analysis Used in the Soil Testing Laboratory at Oregon State University (Horneck et al., 1991, p. 15) . The amount of sediment, manure and water used to start each of the seven experiments is summarized in Table 2 . In addition, Table  2 includes data on the solids content of the material being incubated.
Analysis of variance on the die-off rates for combinations of data sets was used to determine if the die-off rate of one treatment was significantly different from the die-off rate of the other treatment or between log FC and log FS. Appropriate forms of the t-test were used to test various null hypothesis (Table 3) .
RESULTS
Die-off rates for the various experiments were determined by applying simple linear regression of logbacterial concentration vs. time as measured in days. The coefficient of variation was used to indicate the percentage variation in log-bacterial concentration that can be attributed to time. The P value was used to indicate if the die-off rate was significantly different from zero.
The time required for the bacterial concentration to be reduced to one half its original value was calculated using the die-off rate and referred to as the half-life. Figure 1 presents the results obtained for FC analyses of the triplicate samplings of the various experiments. These data indicate that little of the observed variation in the concentrations of fecal bacteria was caused by the sampling and dilution technique.
Bacterial Concentrations with Time
An Ftest was used to demonstrate that the analyses of the three samples taken from a single vessel were not significantly different, hence the average concentrations have been used when making comparisons between treatments. Similar results were obtained for the FS. Table 4 .
Statistical Interpretations
Analysis of variance on the die-off rates showed that the die-off rate of the FC (medium feces concentration, Table 2) in the sandy loam (coarse sed), 0.010/ d was significantly less than (P<0.05) the die-off rate in the clay loam (fine sed), 0.017/d. The die-off rates of the FS in the coarse and fine sediments were not statistically different. A comparison of the die-off rate of FC and FS in the fine sediment treatments revealed that the FC die-off rate was significantly higher than the FS die-off rate. In contrast, for the set of experiments using the higher bacterial concentrations (75 feces and 500 g sediment) the FS in the coarse sediment were found to have a significantly higher dieoff rate (0.032/d) than the FC (0.023/d) in the sediment. The FC in the coarse sediment showed a significantly higher die off rate (0.023) than in the fine sediment (0.013). The die-off rates of the FS the two sediments were not significantly different (P>0.05).
The FC and the FS in the fine sediment were found not to die-off at significantly different rates at the medium and high bacterial concentrations. The FC in the coarse sediment were found to die-off at a significantly higher rate (P<0.05) when 75 g of feces was used compared to the 25 g of feces trial. The die-off rate of the FS in the coarse sediment was not significantly different when 25 or 75 g of feces were used as the inoculant. The results for the die-off rate studies when only the supernatant was incubated showed that both the FC and FS concentrations were reduced to one-half in 2.8 d of incubation. No significant difference was found in the two die-off rates. The die-off rate in the supernatant was significantly higher (/ > <0.05) than it was in the incubation in the presence of the sediment. Figure 3 indicates that the die-off in the supernatant occurred in two stages, a mild slope is noted during the first 15 d and a steeper slope during the second 15 d. An analysis of variance revealed that the die-off rates for the first 15 d were not significantly different than the die-off rates for the FC and FS incubated with the fine sediment. For the last 15 d, the die-off rate of 0.17/d for FC and 0.18/d for FS was significantly different than it was in the presence of the fine sediment during the same time period.
DISCUSSION
These data indicate that a simple first-order die-off model can be applied to FC and FS bacterial populations incubated in the presence of sediment at 8°C. For FC, the die-off rate was found to range from 0.010 to 0.023/d and for FS from 0.018 to 0.033/d. At initial concentrations that have been measured in settled fecal matter these data support the observation that indicator bacteria survive for months (Sherer et ah, 1988; Stephenson and Street, 1978) . This is in contract to more traditional measurements that indicate a much more rapid die-off in water (Gary and Adams, 1985; Gerbar and McLeod, 1976 sured. These data suggest that by centrifuging the sample, enough organic matter was released to support the FC and FS for a time. After this material was exhausted, the measured die-off rates were similar to that typically measured for coliforms in water, 90% in 3 to 5 d (Gerba and McLeod, 1976) . Fecal streptococci demonstrated a higher die-off rate than FC for all treatments, hence the FC/FS ratio increased an average of 2.1 times the initial ratio during the 25-to 30-d study periods. Other researchers (Van Donsel and Geldreich, 1971; Gary and Adams, 1985) have suggested that FC die-off faster than FS. This is in contrast to the results of this study. The difference is most likely related to the difference in the source of fecal matter. In this study, the fecal matter was of domestic cattle origin, whereas in the case of the other researchers, the source was from residential storm runoff or domestic sewage. The die-off rate for different species of FS are clearly different. Thus, it is not unreasonable that when heterogeneous groups are assembled from alternate sources, the ratios will differ.
CONCLUSIONS
This study suggests that sediment allows enteric bacteria to survive for months in an aquatic environment rather than the days as typically measured in water. Animal traffic or increased stream turbulence due to runoff has been demonstrated to have the ability to resuspend sediment bound enteric bacteria on stream bottoms. This phenomenon is the likely explanation for the frequently observed erratic FC and FS concentrations reported in stream monitoring programs.
